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(57) A failsafe apparatus tor verifying a volun^e of 
aspirated reagent before it is provided to dilute a sample 
In an automated assay instrument. A pump draws rea- 
gent througli a tube having a reagent probe disposed at 
one end. An optical fk>w detector includes an optical 
source disposed proxinnate the tube to illuminate the in- 
terior of the tube, and a pliotodetector oriented ninety 
degrees about the circumfererK:e of the tube from the 
source to detect reflected illumination from the contents 
of the tube. The photodetector provides one voltage lev- 
el with gas/air within the tube, and a second. level with 



a liquid within the tube. A circuit in communication with 
the detector discriminates between the two levels. The 
rate at which aspirate is pumped and the volume of the 
tube from a probe tip inlet to the detector are known con- 
stants. Therefore, a given volun^ of aspirate takes a 
predictable amount of time to pass from tip to detector. 
The actual time is detemnined by measuring the elapsed 
time between the start of the aspiration of a reagent, and 
a liquid-air transition detected at the end ot the aspirated 
reagent. If the liquid-air transition is not seen at the ex- 
pected time, one of several problems with the system 
are assumed, and the assay is cancelled. 
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Description 

This invention relates to a volume detection appa- 
ratus and method; more particularly, it relates to an op- 
tica! flow verification system employing reflectivity 
measurements to confirm aspiration of a liquid volume. 

Medical laboratories increasingly rely upon auto- 
mated assay equipment in order to handle large num- 
bers of assays efficiently in terms of time and cost, and 
further to increase the reliability of such assays by de- 
creasing the amount of human Intervention Involved In 
such assays. However, this reduction in human Inter- 
vention necessitates a corresponding increase in equip- 
ment and devices which ensure the accurate perform- 
ance of such automated assays. In particular, regulatory 
agencies responsible for oversight of such testing are 
reluctant to approve certain fonms of automated equip- 
ment absent enhanced monitoring and error reporting 
devices. 

Assay equipment currently in use is commonly pro- 
grammed for withdrawal of a desired reagent in prepa- 
ration for execution of an assay. While such pro- 
grammed aspirations are typically accurate, there re- 
mains the possibility that a reagent source has run dry 
though the assay equipment continues to aspirate from 
the empty reagent container, giving a 'short shot' or re- 
agent Further, while an initial indication that reagent ex- 
ists in a respective container prior to aspiration may be 
provided, equipment does not currently detect the evac- 
uation of a supply of reagent during an aspiration. Final- 
ly, reagent aspiration equipment in existing automated 
assay apparatus does not provide the capability to de- 
tect an occlusion or an incorrect flow rate in real time or 
errors from a tine break. 

Optical verification systems are presently used to 
measure the transmrttance of light through a tube as af- 
fected by the contents of the tube. Such transmittance 
detectors include a light source disposed opposite a 
light sensor on either side of a tube and are primarily 
useful for detecting and identifying the contents of a tube 
at any given moment, and do not find utility In confirming 
a volume of aspirated liquid. 

The present invention provides an apparatus for 
verifying a volume of reagent aspirated within an auto- 
mated assay instrunrtent. A tube has a reagent probe 
disposed at one end, and a pump or like device disposed 
at an opposite end. Intermediate the probe and the 
pump is an optcal fluid detector having a housing, 
through which a transparent portkxi of the tube passes. 
Within the f\u\6 detector housing, the fluki detector in- 
cludes an optical source, such as an infra-red light emit- 
ting diode, disposed proximate the tube and oriented to 
illuminate the interk>r of the tube. The fluid detector also 
includes, within the housing and proximate the tube 
passing therethrough, a photodetector. oriented ninety 
degrees about the circumference of the tube to detect 
optteal source illumination reflected off an interior sur- 
face of the tube opposite the optical source. 



The photodetector provides one voltage level when 
a gas is within the tube in the optical fluid detector, and 
a different voltage when a liquid is within the tube. This 
is due to the absolute differences between the refractive 

5 indexes of the content of the tube and the tube itself. A 
threshoW determining and comparison circuit in com- 
munication with the detector discriminates between the 
two levels. The rate at which aspirate is pumped and the 
volume of the tube from a probe tip inlet to the detector 

10 are known, typically by using a stepper motor driven sy- 
ringe plunger on the end of the tube. Therefore, a given 
volume of aspirate should take a predictable amount of 
time (or steps) to pass through the detector, taking into 
conskleratk^ established tolerances. Typically, the tube 

IS Is water filled to the probe tip before aspiratbn. Time (or 
stepper motor steps) is measured from the start of the 
aspiratk>n of reagent. A Ik^uid-air transitkxi is detected 
at the end of the aspiration of reagent occasioned by the 
tip being withdrawn from the reagent source and the 

20 pump being driven further to place the reagent in a heat- 
er zone. If the lk:fukJ-air transition is not seen at the ex- 
pected time, one of several problems with the aspiratbn 
are assumed, and the assay is cancelled. 

It is an object of the present inventbn to provkJe to 

25 an automated assay instrument offering an enhanced 
measure of confkieru^e in the withdrawal accuracy of a 
desired quantity of aspirate. It is a further object of the 
present inventk)n to provkie error detection and notrfl* 
cation which is applcable to a variety of error conditions. 

30 These and other features of the present invention 
are more fully set forth below in the fully exemplary de- 
tailed descriptkxi and accompanying drawings of which: 

Fig. 1 is a schematic view of elements comprising 
35 a volume detectkxi apparatus according to the 
present invention; 

Fig. 2 isaschematic view of a threshold determining 
and comparison circuit as empbyed in the appara- 
tus of Fig. 1; and 

40 Figs. 3 through 5 are simplified iilustratbns of the 
detection apparatus of Fig. 1 in various stages of 
aspirating a reagent sample; 
Fig. 6 is a graph illustrating the relative amplitude 
and tffning of signals employed in the detection ap- 

45 paratus of Fig. 1; and 

Fig. 7 is a graph illustrating the timing of signals em- 
pksyed in the detectbn apparatus of Fig. 1 . 

Vbrtous components of the volume detection appa- 
50 ratus according to the present invention are illustrated 
in Fig. 1. In partbular, a tube 10 provbes aspirate 12 
such as a reagent for san^le 1 5 dilutbn at a station with- 
in an automated assay instrument 14 from a reagent 
container 20, A probe 18 is connected to a first end 16 
55 of the tube 1 0 for withdrawal of reagent 1 2 from the con- 
tainer 20 and into the tube 10. In a preferred embodi- 
ment, the probe 18 is manipulated automatbally by one 
or more motors 1 9 such as stepper nrK)tors to aspirate 
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from the reagent container 20 and dispense in the sam- 
ple container 1 5. These motors translate the probe from 
one container to another 

To withdraw reagent into the tube, a purrp 22 is dis- 
posed at a second end 24 of the tube 1 0. The pump 22 
in OTe embodiment is a positive displacement pump 
such as a diluter or syringe pump. 

Intermediate the tube first and second ends 16, 24, 
the illustrated embodiment includes a heater coif 26. In 
some situations, it is preferable to refrigerate reagents 
to maintain their efficacy. However, this necessitates the 
heating of the reagent prior to use in the automated as- 
say instrument 14. Otherwise, the lowered temperature 
of the reagent may adversely affect the performance of 
an assay in which it is used. 

Also disposed intermediate the first and second 
ends 16. 24 of the tube 10 is an optical fluid detector 30 
having a housing 32. The tube 10 passes through an 
orifice 36 in the housing 32 so that the tube 10 is gen- 
erally normal to a plar>e defined by the housing 32. For 
the purposes of illustration, a cover of the housing 32 
has been renDoved. A circuit board 34 disposed within 
the housing 32 provides a mounting surface for an op- 
tical source 40 and a photodetector 42 disposed adja- 
cent the tube 10. 

In a first enrtbodiment, the optical source 40 is a light 
emitting diode (LED) generating infrared illumination. In 
a further embodiment, the optical source 40 is fabricated 
directly on the circuit board 34 as an integrated device. 
Power and ground leads are further provided on the cir- 
cuit board 34 in communication with the optical source 
40. 

The optical source 40 is provided with a narrow 
width slit aperture 44, parallel to the tube 10. This aper- 
ture 44 allows IR illuminat'ion to enter the tube 10 in a 
narrow dispersion pattem. Preferably, the housing 32 
and associated tube 10 support elements integral to the 
housing 32 and adjacent to the optical source 40 and 
photodetector 42 are formed of a material opaque to vis- 
ible light, but transparent to IR illumination. This avoids 
spurious readings due to ambient illumination entering 
the phc^odetector 42. 

The photodetector 42 is similarly disposed on the 
circuit card 34 adjacent the tube 10, though the photo- 
detector 42 is located ninety degrees about the circum- 
ference of the tube 1 0 from the optical source 40. Similar 
to the optical source 40. the photodetector 42 is provid- 
ed with a small width slit aperture. Thus, the photode- 
tector 42 Is particularly sensitive to IR light reflected off 
the interior wall of the tube 10. which varies with the re- 
flective index of the contents of the tube 10. The photo- 
detector 42 is therefore provided as a reflectivity sensor 
as contrasted with a turbidity sensor which detects light 
scattered by the contents of the tube 10. 

In summary, light from the optical source 40 illumi- 
nates the interior of the tube 10. A portion of this light is 
reflected off an inner wall of the tube 10 to a degree de- 
termined by the respective reflective indexes of the tube 



and the contents of the tube and is detected by the pho- 
todetector 42. The photodetector 42 detects a smaller 
amount of reflected light when there is liquid within the 
tube 10 in front of the optical source 40 and photodetec- 
s tor 42 as compared to when a gas such as ambient air 
is within the tube 10. The respective apertures 44, 46 
enhance the sensitivity of the apparatus such that air 
bubbles of a few microliters are detectable. 

The photodetector 42 of the present invention is in- 
10 tertaced to a circuit 50 labelled 'Threshold Determining 
and Comparison Circuit". This circuit, which Is illustrated 
in detail in Fig. 2, establishes a reference voltage level 
against which signals from the photodetector 42 are 
connpared to establish when liquid versus air is within 
IS the tube adjacent the photodetector 42. 

With reference now to Fig. 2. the threshold deter- 
mining and comparison circuit 50 includes a connection 
interface 52 to the optical fluid detector 30. Power and 
a ground reference are provided to the fluid detector 30. 
20 A signal from the photodetector 42. representative of the 
quantity of light reflected to the photodetector 42, is pro- 
vided to a sample and hold circuit 60. Included within 
this circuit 60 is an analog switch 62. in one embodiment 
a •MAX323CSA" manufactured by f^Aaxim Integrated 
25 Products of Sunnyvale, CA, USA. The switch 62 is uti- 
lized by connecting the photodetector 42 output to a nor- 
nnally open (NO) input terminal of the switch 62. A trigger 
signal, provided from an interface circuit 100 (to be de- 
scribed subsequently), is connected to a logic input (IN) 
30 terminal of switch 62 to control the operation of the 
switch 62. In one logic state, the photodetector output 
is connected through the normally open terminal to a 
conrunon tenninal (COM). In another state, the photode- 
tector 42 signal is disconnected from the COM output 
3S whHe its last value is held by capacitor 64. This results 
in the sample and hold circuit 60 latching onto a voltage 
level coming from the photodetector 42. The op-amp 66 
receives this signal as a buffer arr^ for preventing leak- 
age of the sample and hold output. 
40 The output of the buffer 66 is provided to a subtrac- 
tor circuit 70 which includes an op-amp 72 configured 
to subtract 0.45V from the output of the sample and hold 
circuit 60 and to provide the result as a reference voltage 

4S Finally, the threshold determining and comparison 
circuit 50 includes a comparator 80 including an op-amp 
82 configured to compare the output from the photode- 
tector 42 with the reference voltage from the subtracter 
circuit op-amp 72. The result Is then provided as an out- 

so put from the threshold determining and comparison cir- 
cuit 50 and as an input to the interface circuit 100. 

With reference to Fig. 1 , the interface circuit 100 re- 
ceives user input from a source 102, including the ex- 
pected volume of reagent to be aspirated. The intertace 

66 circuit 100 further comprises a memory 104 for storing 
information such as the known volume of the probe 18 
with the tube 10 up to the optk^al fluid detector 30, as 
well as the rate at which the pump 22 withdraws reagent 
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into the probe 18 and tube 10. With volume and rate 
known, the expected time for a reagent aspiration to 
pass by the detector 30 Is calculated. Output from the 
threshold determining and comparison circuit 50 is 
checked (as described later) to verify that the aspiration 
indeed takes the expected annount of time within some 
tolerance. If not, a malfunction in the aspirate withdrawal 
system is indicated and the system can react accord- 
ingly, as by the cancellation of further reagent aspira- 
tions, the notrficatk>n of a user of the error condition, and 
the jnltiatk)n of diagnostic measures. 

The interface circuit 100 also provides commands 
to a pump control circuit 110 based upon the user input 
from source -102. Such input in one embodiment in- 
cludes pump on and off signals in the form of a com- 
mand to begin an assay. In an alternative embodiment, 
such input includes pump rate informatbn. In the latter 
embodiment, the variable rate is factored into the 
elapsed time calculations carried out by the interface cir- 
cuit 100. 

The generation of various signals from the photo- 
detector 42 output and their use in the threshold deter- 
mining and comparison and Interface circuits 50, 1 00 
are now described with reference to Figs. 3 through 5. 
Here, only the tube 10, the probe 18. the optical fluid 
detector 30 (with a cover attached), and the reagent 
container 20 are carried over from Fig. 1 for the sake of 
simplk^ity. As previously noted, the interface circuit 100 
has stored therein the known volume of the probe 18 
and tube 1 0 from a distal end of the probe 18 to the qD- 
tical fluid detector 30, as well as the rate at which the 
pump 22 draws air and liquid through the tube 10. There- 
fore, the elapsed time required to aspirate a certain vol- 
ume of reagent through the probe 18 and tube 1 0 to the 
fluid detector 30 can be cateulated. 

The presently disctosed invention provides an indi- 
cation of the actual elapsed time in the following manner 
The presently disclosed apparatus is a water-backed 
system, meaning that the probe 1 8 and tube 1 0 are filled 
with water up to a region, for example, 28 when not con- 
veying reagent or air. In a first embodiment, water is pro- 
vided by automatk:atly manipulating the probe 18 into a 
water-filled container 120 and activating the pump 22, 
thus drawing water 28 into the probe 18 ar^d tube 10. In 
a second embodiment, water is provided within the tube 
10 by operation of one or more valves connecting the 
tube 1 0 to another water-filled container (not illustrated). 

Light is less readily reflected within the tube 10 when 
It is filled with a Ik^uid. Therefore, a higher voltage level 
(Vw6t) *s retumed by the photodetector 42 to the sample 
and hold circuit 60 when lk:|ukj is in the tube 10 than when 
air is within the tube 1 0 (^^jgy), as illustrated in Fig. 6. With 
water throughout the tube 10, and in partrcular within the 
optical fluid detector 30, the interface circuit sends a trig- 
ger signal to the threshold determining and comparison 
circuit 50. As previously noted with respect to Fig. 2, the 
trigger signal causes the sample and hokJ circuit 60 to 
how the current voltage level (Vphoto) ^^m the photode- 



tector 42. TTiis level is then subject to the subtractorcircuit 
70. 

The goal is to compare a retumed voltage from the 
photodetector 42 (Vphoto) a reference voltage (V^q^) in 
5 order to determine whether air or liqu id is before the pho- 
todetector 42 at that moment. To make the present op- 
tical fluid detector 42 independent of the unique charac- 
teristics of each particular optical fluid detector 30 (V^^ 
and may not be the same for each detector), a 
10 threshold level is chosen slightly above the maximum 
returned voltage level when air is within the tube at the 
photodetector 42 (V^^) . 

Since the difference between wet (V^^j) and dry 
(Vdry) voltages does not fall below 0.5V in any optical 
75 fluid detector 30, regardless of absolute values, the volt- 
age threshold (Vfti,) (above which is always V^^f and be- 
low which is always V^) is chosen as minus a value 
slightly less than the difference between V^^i and V^, 
In one embodiment, V^^t - V(j,y = 0.5V, so V^^r is chosen 
20 as V^t - 0.45V. As such, the subtracter circuit 70 in this 
Instance subtracts 0.45V from V^^, to form V^hp Vy^^t 
ing determined by triggering the sample and hold circuit 
60 when water is within the tube 1 0 at the optical fluid 
detector, such as immediately before the start of aspi- 
25 rating a reagent sample. Since V^^j > Vt^p the output of 
the comparator (V^^y,) 80 is "high". The threshold level 
relative to the absolute values of the photodetector is 
shown in Fig. 6. By relying upon a guaranteed minimum 
difference between V^^^ and V^j^ rather than on the ab- 
30 solute values of these measurements, the need to cali- 
brate is eliminated. 

Next, to provide an indcatk>n that a reagent volume 
is about to pass by the detector 30 within the tube, the 
probe 1 8 is withdrawn from alt containers and the pump 
35 is activated for a relatively short period of time prbr to 
withdrawing a quantity of reagent 12 into the tube 10. 
This causes a leading air slug 1 22 to be drawn into the 
probe 16 (Figs. 3 and 4). However, the photodetector 
42 will continue to sense liqukd in the tube until the lead- 
40 ing air slug 122 progresses through the tube 10 to the 
optrcal fluid detector 30. 

Next, as shown in Fig. 4. the probe 18 is manipulat- 
ed into the reagent container 20 and the pump 22 is ac- 
tivated by the pump control circuit 110. Feedback cir- 
4S curtry (not illustrated) may be provided in a further em- 
bodiment in order to verify the physical disposition of the 
probe 18 within the reagent container 20. At this point, 
water remains in the majority of the fluid path, followed 
by the leading air slug 1 22 which is shown just en^rging 
50 above the probe 1 8. 

In Fig. 5, a quantity of reagent 1 2 has been with- 
drawn into the probe 18 and tube 10, and the probe 18 
has been raised out of the reagent container 20. The 
pump 22 then draws a trailing air slug 1 24 into the probe 
55 18 following the reagent 1 2 aspirate. As shown, the op- 
tical fluid detector 30 is typbalty, but rK>t necessarily, still 
presented with water in the tube 10, and as such the 
photodetector voltage remains at Vw«t> arid the output 



EP0 753 721 A2 



8 



of the comparator 80 (V^y,) remains "high" as in Fig. 7. 

Further activation of the pump 22 causes the lead- 
ing air slug 1 22 to progress until it is at the optical source 
40 and photodetector 42. At this point, the higher reflec- 
tivity of air is sensed by the photodetector 42, resulting 
in a 'low' output (V^^u,) of the comparator circuit 80. as 
in Fig. 7. Firmware within the interface circuit 1 00 checks 
to see if V^y^ remains "low* for a minimum period, cor- 
responding to a minimum leading air slug 122 volume 
within the tube 10. If large enough, the firmware as- 
sumes this is the leading air slug 1 22 and begins count- 
ing on the next "low" to 'high' transition of Vq^, which 
corresponds to the detection of liquid (reagent) passing 
through the tube 10 before the photodetector 42. 

if the air detected before the photodetector does not 
persist long enough (i.e. \/oux= 'low" for too short a time). 
It is assumed that this air was an air bubble and not the 
leading air slug 1 22. 

Once the leading air slug,122 has been identified, 
the interface circuit continues counting until a "high" to 
"low" transition is returned from the threshold determin- 
ing and comparison circuit 50, corresponding tothe pas- 
sage of the trailing air interface 1 24 before the photode- 
tector 42. The interface circuit 100 is provided with the 
desired reagent volume via the user interface 1 02 or via 
its own merrxjry 104. In conjunction with known rate and 
volume infonmation, the interface circuit 100 is capable 
of calculating the time in which the trailing air slug 124 
shoukJ have been seen, within a given target range. The 
larger the removed volume, the larger the target range. 
The probe is then manipulated by motors 19 to a point 
where the reagent can be dispensed in a sample 15, or 
is conveyed within a system of vaJves and further tubes 
(not illustrated). 

If the trailing air interface 1 24 is not seen within this 
range, the interface circuit 100 sends an indication of 
this state for use, for example, in hatting all further as- 
says using this reagent in partk:ular or all reagents, and/ 
or of notifying a user via a user interface. This error could 
occur due to a number of causes, Including an empty 
reagent container 20, an occluded tube 10 or probe 18. 
and a failing or failed pump 22. 

In Figs. 3through 5, the volume of reagent aspirated 
was small enough so that both the leading and trailing 
air regions 1 22, 1 24 were within the tube 1 0 or probe 1 6 
before the leading air slug 122 was within the optical 
fluid detector 30. In other instances, the leading air slug 
1 22 is drawn within the optical fluid detector 30 while the 
probe 1 8 is still within the reagent container 20 and while 
the pump is still drawing reagent into the probe 18 and 
tube 10. This does not impact the ability of the threshold 
determining and comparison circuit 50 or the ability of 
the interface circuit 100 to count as the reagent 12 is 
drawn through the apparatus. 

Though the invention has been described as finding 
utility as part of an automated assay instrument requir- 
ing reagent, the presently disclosed invention can be uti- 
lized for the transfer of other liquids for other purposes. 



Further, though a positive displacement pump such 
as a dlluter is disclosed, other pumping devices can be 
used with the present invention such as dilutors. In fact, 
this verification system is particularly useful with pumps 
5 which are not as reliable in terms of accuracy of with- 
drawn liquid. 

The tube of the present invention is formed of Teflon 
(E. I. du Pont de Nemours & Co., Inc., Wilmington, DE. 
USA), though other non-reactive, light transmissive ma- 
10 terials can be used. The chok:e of frequency for the op- 
trcal source 40 can also be varied depending upon the 
tube material and the contents to be sensed. 



1S Claims 

1, A detector apparatus for verifying a IqukJ volume 
aspirated within a tube by a pump characterised in 
that it comprises: 



20 



25 



30 



35 



a housing having an aperture for passage of the 
said tube therethrough; 

an optwal source within the said housing and 
proximate the said tube; 
a photodetector within the said housing, proxi- 
mate the said tube and disposed ninety de- 
grees about a circumference of the said tube 
from the said source, the said photodetector 
detecting changes in reflectivity due to tube 
contents; and 

a volume measuring circuit for detecting a vol- 
ume of a liquid drawn Into the said tube by the 
said pump as a funct»n of a point ot detection 
of a liquid to air boundary in the said tube. 

2. An apparatus as claimed in claim 1 wherein the said 
photodetector is calibrated to a water header within 
the said tube. 



40 3, 



45 



An apparatus as claimed in claim 1 or claim 2 
wherein the said photodetector detects an increase 
In reflectivity due to a leading air gap. a decrease 
in reflectivity due tothe said aspirated liquid volume 
and an Increase in reflectivity due to a trailing air 
gap. 



4. An apparatus as claimed in any of claims 1 to 3 
wherein it further comprises: a threshoki determin- 
ing and comparison circuit in communication with 

so the sakj photodetector for diflerentiating between 
sensed reflectivity of air within the said tube and 
sensed reflectivity of liquid within the said tube; and/ 
or a control circuit for controlling a pump to aspirate 
the saki llqukl through the said tube at a known rate 

55 for a known time interval; and/or a probe connected 
to a flrst end of the said tube for aspiration of the 
sard liquid through a probe tip; and/or a liquid heater 
connected to a second end of the said tube for heat- 



9 
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ing the said aspirated liquid at a point beyond the 
said housing; and/or an optical source slit aperture 
intermediate the said optical source and the said 
tube for defining a narrowly dispersed pattern of il- 
lumination within the said tube; and/or a photode- 
tector slit aperture intermediate the said photode- 
tector and the said tube for limiting the illumination 
received by the said photodetector to a narrow band 
of illumination reflected from an interior wall of the 
said tube. 

5. An apparatus as claimed in any of claims 1 to 4 
wherein the said optical source is a light-emitting 
diode. 

6. An apparatus as claimed in any of claims 1 to 5 
wherein the said tube is "Teflon". 

7. A liquid volume detecting apparatus for verifying a 
liquid volume aspirated within a tube from a probe 
disposed at one end of the said tube towards a 
pump at another end of the said tube characterised 
in that it comprises: 

a housing having an aperture therein, the said 
tube passing throu^ the said aperture in the 
said housing; 

an optical source disposed within the said 
housing and radiating into the said tube; 
a photodetector disposed within the said hous- 
ing ninety degrees about a circumference of the 
said tube from the said source for detecting 
light emitted by the said optical source and re- 
flected from an interior wall of the said tube; and 
a threshold circuit in communication with the 
said photodetector for differentiating between 
a state when liquid is in the said tube within the 
said housing and a subsequent state when air 
is in the said tube within the said housing and 
for providing an indication of sensed aspiration 
time tnten/al in response thereto. 

8. An apparatus as claimed In claim 7 wherein it further 
comprises a control circuit associated with the said 
pump for controlling the aspiration of the said liquid 
at a desired rate for a desired time interval; and op- 
tionally an interface circuit in communication with 
the said control circuit for calculating the said de- 
sired rate and inten^al based upon a user requested 
aspiration volume and upon stored tube and probe 
dimensions; and optionally an Interface circuit In 
communication with the said threshold determining 
and comparison circuit for calculating an actually 
aspirated volume based upon aspiration time inter- 
val sensed by the said photodetector and based up- 
on stored tube and probe dimensions; and option- 
ally a verifying system for comparing the actual to 
a desired volume. 



10 
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9. An apparatus as claimed in claim 7 or claim 8 
wherein it further comprises slit apertures each dis- 
posed intermediate the said optical source and the 
said tube, and intermediate the said tube and the 
said photodetector. 

10. A method for verifying a liquid volume aspirated 
within a tube using an optical fluid detector having 
an optical source disposed adjacent the said tube 
and a photodetector disposed adjacent the said 
tut}e and rotated ninety degrees about the said tube 
from the said optical source characterised in that it 
comprises: 

providing an optical signal from the said optical 
source; aspirating water within the said tube; 
sensing a voltage at the said photodetector with 
water in the said tube; 

aspirating a first volume of air within the said 
tube; 

aspirating the said liquid volume within the said 
tube; 

aspirating a second volume of air within the said 
tube; 

sensing a change in voltage from the said pho- 
todetector as the said first volume of air passes 
the said photodetector; 

sensing a change In voltage from the said pho- 
todetector as the said liquid volume passes the 
said photodetector; 

sensing a change in voltage from the said pho- 
todetector as the said second volume of air 
passes the said photodetector; 
determining a time inten/al elapsed between 
the passing of the said first volume of air and 
the said second volume of air; and 
determining the said liquid volume using the 
said elapsed time interval and known tube vol- 
ume and aspiratbn rate. 

11. A method as claimed in claim 10 wherein sensing 
a voltage change as the said first volume of air pass- 
es occurs before aspirating the said second volume 
of air 

45 

12. A method for verifying a liquid volume aspirated 
within a tube by a pump characterised in that it com- 
prises: 

so withdrawing a quantity of water into the said 

tube by the said pump; 

establishing a voltage threshold within a com- 
parison circuit based upon reflectivity data re- 
ceived from an optical fluid detector proxinnate 
55 the said tube; 

withdrawing a first volume of air into the said 
tube by the said pump; 

withdrawing the said liquid volume into the said 
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tube by the said pump; 

withdrawing a second volume of air Into the said 
tube by the said pump; 

detecting the said first volume of air in the said 
tube using the said detector when an output of 5 
the said detector tails below the said threshold 
and starting a counter; 

detecting the said liquid volume in the said tube 
using the said detector when said output of the 
said detector raises above the said threshold; 
detecting the said second volume of air in the 
said tube using the said detector when the said 
output of the said detector again falls below the 
said threshold and stopping the said counter; 
and ^5 
comparing an output of the said counter with an 
expected count. 
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FIG. 3 
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FIG. 6 
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(54) Volume detection apparatus and method 

(57) A failsafe apparatus for verifying a volume of 
aspirated reagent before ft Is provided to dilute a sample 
In an automated assay instrument. A pump draws rea- 
gent til rough a tube having a reagent probe disposed at 
one end. An optical flow detector includes an optical 
source disposed proximate the tube to illuminate the in- 
terior of the tube, and a photodetector oriented ninety 
degrees about the circumference of the tube from the 
source to detect reflected illumination from the contents 
of the tube. The photodetector provides one voltage lev- 
el with gas/air within the tube, and a second level with 



a liquid within the tube. A circuit in communication with 
the detector discriminates between the two levels. The 
rate at which aspirate is pumped and the volume of the 
tube from a probe tip inlet to the detector are known con- 
stants. Therefore, a given volume of aspirate takes a 
predkjtable amount of time to pass from tip to detector. 
The actual time is determined by measuring the elapsed 
time between the start of the aspiration of a reagent, and 
a liqu id-air transition detected at the end of the aspirated 
reagent, if the liquid-air transition is not seen at the ex- 
pected time, one of several problems with the system 
are assumed, and the assay is cancelled. 





EP 0 753 721 A3 



European Patent 

omcc 



EUROPEAN SEARCH REPORT 



EP 96 30 5022 



DOCUMEP^rrS considered to be RELEVANT 



Category 



Ckativa of document witk mdicadoiv wtKf« appropfiate, 
•f rckrvut | 



Rxfevanc 



CLASSinCAnON OF THE 
Am JCAllUN (l*ta.6) 



A 
Y 



US 4 897 797 A (FREE JR JEROME J ET AL) 
3G January 1999 

* column 5, line 4 - line 38 * 

EP 0 416 808 A (ASH MEDICAL SYSTEM INC) 13 
March 1991 

* column 4, line 13 - column 5, line 16; 
figure 6 * 

GB 2 106 670 A (IMED CORP] 13 April 1983 
page 4, line 45 - line 59 * 

EP G 109 198 A (TECHNICON INSTR) 23 May 
1984 

* page 10. line 13 - line 23 * 



1.3,5.7, 
10.12 



1,3.5.7. 
10,12 



G01F1/708 
G01F25/00 
G01F13/00 
GOlNl/00 



5.10.12 



TECHNICAL FIELDS 
SCAftCHED (bta.C» 



G01F 

GOIN 



The present scardi report has hccm <kai*a for bM < 



THE HAGUE 



4 April 1997 



Pflugfelder. G 



CATEGOtY OF CTTED DOCUMENTS 

X : pirtiailarty rderut if tmku aloM 
V : forticalmrty rdavut if cnmbbicrf vith aaotbo 
iocaaart of the sue cstmry 

A:t ^ • ^ 



P: latmBcAiucd 



T : ttkcory or prtodp|« i 

E : ttrticr pitot doansent, bt>iftttsbtd on, or 

ifcer IW fiUng 4itc 
D : tootaoil dicrf in the •ppUatioa 
L: document dle4 for other rcnoas 

■k€r of tiM tanM pat«it tollyt, lumrpanilna 



